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Abstract
AIM: To examine transforming growth factor-β1 
(TGF-β1) promoter methylation in gastric cancer and to 
determine if Helicobacter pylori  (H. pylori ) or interleukin 
(IL)-1β could induce TGF-β1 hypermethylation in vitro . 

METHODS: We examined the frequency and extent 
of TGF-β1  promoter methylation using methylation-
specific PCR in the gastric tissues from 47 gastric can-
cer patients and 39 non-gastric cancer subjects. H. 
pylori  infection was confirmed by a positive result from 
either a serological test, histological analysis or C13 urea 
breath test. GES-1 and MKN-45 cells co-cultured with H. 
pylori  or treated with IL-1β for 12, 24 and 48 h in vitro  
tested the effects of H. pylori  or IL-1β on TGF-β1. 

RESULTS: Twenty-four/forty-seven (51%) cases of 
gastric cancer (GC) tissues showed TGF-β1  promoter 
methylation, 15/47 (31.9%) cases of matched non-
cancerous gastric mucosa tissues from the GC patients, 
and 11/39 (28%) case of the normal gastric mucosa 
tissues from non-GC subjects showed TGF-β1 promoter 
methylation (51% vs 28%, P < 0.05). Significantly 
higher levels of methylation of TGF-β1  were found in 
the tumor tissues than in non-tumor tissues from GC 
patients (0.24 ± 0.06 vs 0.17 ± 0.04, P < 0.05) and 
normal gastric tissues from non-GC subjects (0.24 ± 
0.06 vs 0.15 ± 0.03, P < 0.05). TGF-β1  methylation 
was found in 48.3% of H. pylori -positive gastric muco-
sal tissues whereas only 23.1% of H. pylori -negative 
gastric mucosal tissues showed TGF-β1  methylation 
(48.3% vs 23.1%, P < 0.05). IL-1β appeared to in-
duce a dose-dependent methylation of TGF-β1  and 
the strongest methylation was observed in GES-1 cells 
treated with 2.5 ng/mL of IL-1β for 48 h. Further stud-
ies showed that pre-treatment of GES-1 cells with 20 
ng/mL IL-1RA for 1 h could partially abolish the effect 
of IL-1β on TGF-β1  methylation. Infection of GES-1 
cells by H. pylori  was not found to induce significant 
TGF-β1 promoter methylation. 

CONCLUSION: Our data revealed that TGF-β1  pro-
moter is methylated in GC patients. IL-1β may be an 
important mediator for H. pylori  induced gene methyla-
tion during GC development.
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Core tip: In vitro  studies showed that GES-1 cells ex-
posed to Helicobacter pylori  (H. pylori ) did not show 
significant transforming growth factor-β1 (TGF-β1 ) 
methylation. However, treatment of the GES-1 cells 
with interleukin (IL)-1β led to a dose-dependent meth-
ylation of TGF-β1, which was partially abolished by IL-
1RA. The high levels of TGF-β1 promoter methylation in 
H. pylori  positive patients was likely the result of H. py-
lori -induced inflammation rather than H. pylori  itself. IL-
1β may be an important mediator for H. pylori -induced 
gene methylation during gastric cancer development. 
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INTRODUCTION
Genetic and epigenetic alterations in tumor suppressor 
genes or oncogenes are implicated in cancer forma-
tion. DNA methylation is the major form of  epigenetic 
change in eukaryotic genomes. It involves the addition of  
a methyl group to the carbon 5 position of  the cytosine 
ring within the CpG dinucleotide. CpG islands (CGIs) 
are regions of  the genome that contain a large number of  
CpG dinucleotide repeats. In mammalian genomes, CGIs 
usually extend for 300-3000 base pairs. They are located 
within, and close to, sites of  about 40% of  gene promot-
ers. It is estimated that in mammalian genomes, about 
80% of  CpG dinucleotides are methylated. However, 
CpG dinucleotides in regions abundant in GC pairs, such 
as CGIs, are normally protected from DNA methylation, 
and this is an important controlling mechanism for gene 
promoters and gene expression[1]. Although most CGIs 
linked to promoters are non-methylated, recent studies 
have revealed that promoter CpG hypermethylation, as-
sociated with transcriptional inactivation, may play a piv-
otal role in tumorigenesis[2]. 

Gastric cancer (GC) remains a major health threat 
because of  its high incidence, poor prognosis and limited 
treatment options. Multiple epigenetic and genetic altera-
tions have been identified in GC patients. High levels of  
aberrant CpG island methylation and DNA methylation 
in the gastric mucosae correlate with increased GC risk, 
and as such, they are increasingly recognized as candidate 
markers for GC[3].

Clinical and epidemiological studies have demon-
strated that Helicobacter pylori (H. pylori) infection is cor-
relates strongly with aberrant methylation in GC, whereas 
eradication of  H. Pylori significantly reduces gene meth-

ylation[4,5]. Clearly, H. Pylori-induced aberrant methylation 
plays a role in GC formation. However, the precise mo-
lecular mechanisms of how H. Pylori might induce aber-
rant CpG island methylation remain elusive. 

Chronic inflammation is a well-known promoting 
factor for many cancers. Approximately 15%-20% of  all 
human cancers are related to chronic inflammation[6]. GC 
is a typical inflammation-related malignancy, being closely 
linked to H. Pylori-induced chronic inflammation in gas-
tric mucosa. Chronic inflammation in the esophagus and 
colon may precipitate aberrant methylation, but whether 
H. pylori itself  or the chronic inflammation caused by H. 
pylori infection induces methylation in CGIs remains con-
troversial[7,8].

H. pylori infection is characterized by infiltration of  
inflammatory cells, such as neutrophils and lymphocytes, 
into the gastric mucosa, as well as increased production 
of  inflammatory cytokines[9,10]. Interleukin (IL)-1β is a 
pro-inflammatory cytokine primarily secreted by activated 
monocytes/macrophages in response to bacterial infec-
tion. IL-1β mediates many pathophysiological events dur-
ing host-environment interactions. Recent studies have 
demonstrated that the levels of  several inflammatory 
cytokines including IL-1β, IL-6, IL-8 and tumor necrosis 
factor α (TNF-α) are significantly higher in the gastric 
mucosal tissues from H. pylori-positive patients than 
those from H. pylori-negative patients[11-13]. It was further 
demonstrated that IL-1β could directly induce promoter 
methylation of  E-cadherin, an important extracellular ma-
trix component involved in the maintenance of  epithelial 
stability: H. pylori-induced methylation of  E-cadherin pro-
moter was mediated through IL-1β[14].

Transforming growth factor-β1 (TGF-β1) is an anti-
inflammatory cytokine with multiple, and perhaps even 
opposite, biological effects in many tissues. TGF-β1 
was shown to inhibit the growth of  epithelial cells, but 
stimulates the proliferation of  mesenchymal cells[15,16]. 
Many studies have shown that TGF-β1 is overexpressed 
in epithelial cancers and exerts its transforming poten-
tial through several mechanisms, such as stimulating the 
progression of  stromal cells, promoting angiogenesis and 
suppressing immune surveillance[17]. However, TGF-β1 
was reported to function as a tumor suppressor, because 
it could inhibit potently the proliferation of  many types 
of  cancer cells derived from breast, prostate, lung, colon 
and liver[18,19]. Furthermore, methylation-induced silencing 
of  TGF-β1 has been implicated in the development of  
several solid tumors, and silencing of  TGF-β1 signaling 
through methylation of  the gene encoding its receptor 
have been reported[20,21].

It has been reported that the expression level of  host 
TGF-β1 in gastric mucosa was an important determinant 
for the pathogenesis of  H. pylori-associated gastric dis-
eases[22-24]. The gastric mucosa of  TGF-β1 null mice exhibit 
similar changes to those observed in H. pylori-associated 
gastritis, and these mice were found to progressively devel-
op inflammatory diseases and die within 3-4 wk of  birth[25]. 
However, the role of  TGF-β1 methylation in the develop-
ment of  H. pylori-related GC remains largely unknown.
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In this study, we aimed investigate if  H. pylori could 
induce promoter methylation of  TGF-β1 in GC and 
whether IL-1β plays a role in this process.

MATERIALS AND METHODS
Patients and specimens
This study involved 47 consecutive GC patients (35 males 
and 12 females, mean age 56.2 years) who underwent gas-
trectomy and 39 consecutive non-GC subjects (28 males 
and 11 females, mean age 52.1 years) who underwent 
upper gastroduodenoscopy. H. pylori infection was con-
firmed by a positive result from either one of  the follow-
ing diagnostic approaches: serological test, histological 
analysis or C13 urea breath test. No patients received prior 
H. pylori eradication therapy. Ninety-four gastric speci-
mens (two from each patient, from tumor and non-tumor 
gastric mucosa) from GC patients and 39 gastric mucosa 
tissues from non-GC subjects were collected. The tissues 
were snap-frozen in liquid nitrogen and subsequently 
stored at -80 ℃ for the studies described below. Patients 
who received eradication therapy for H. pylori before the 
study and those with severe systemic diseases (such as 
major organ failure, server infection, autoimmune disease, 
organ transplantation and immunosuppressive therapy) 
were excluded.

Cell culture
Human gastric epithelium cell line GES-1 was kindly pro-
vided by Professor Bingdong Zhu (School of  Basic Med-
ical Sciences, Lanzhou University). Cells were cultured 
in DMEM medium containing 10% FBS supplemented 
with 100 IU/mL penicillin, 100 IU/mL streptomycin and 
maintained at 37 ℃ in a humidified atmosphere with 5% 
CO2.

Bacterial strain and conditions 
NCTC11637, a CagA-positive strain of  H. pylori, was 
purchased from the American Type Cell Culture (ATCC) 
(Rockville, MI, United States). H. pylori were cultured on 
4.2% Columbia Blood A gar (Youkang Foundation of  Bi-
ological Science and Technology Beijing Co. Ltd. Beijing, 
China) containing 7.5% normal sheep blood and 0.5% 
antibiotics (vancomycin, 10 mg/mL; polymyxin, 0.025 
mg/mL; and amphotericin B, 10 mg/mL) under micro-
aerophilic conditions for 72 h. Bacteria were harvested 
and re-suspended in sterile phosphate buffered saline 
(PBS) and counted by absorbance at 660 nm (1 OD660 = 
1 × 108 colony forming units/mL). 

Infection of gastric epithelial cells by H. pylori
To establish an in vitro model of  H. pylori infected gastric 
mucosa, GES-1 cells were grown to 80% confluence un-
der the above-mentioned conditions. Cells were infected 
with live H. pylori at H. pylori/cell ratios of  5:1, 10:1, 50:1, 
and 100:1. To determine the involvement of  IL-1β in H. 
pylori-induced pathology, GES-1 cells were pre-treated 
with human interleukin-1 receptor antagonist (IL-1RA) 
(Peprotech, Rocky Hill, NJ, United States) for 1 h before 

H. pylori infection. IL-1RA was used at various concentra-
tions (10, 20, 50 and 100 ng/mL) to select the concentra-
tion at which it can effectively block the IL-1β signaling. 
20 ng/mL for 48 h was found to be an effective dose. All 
cells were cultured in 6-well plates at 37 ℃ in a humidi-
fied atmosphere for 12, 24 and 48 h.

Treatment of GES-1 cells with IL-1β
GES-1cells were pre-treated with or without various con-
centrations of  IL-1RA (10, 20, 50 and 100 ng/mL) for 1 h, 
followed by treatment with different concentrations IL-
1β (Peprotech, Rocky Hill, NJ, United States) (0.1, 0.25, 
1.0 and 2.5 ng/mL) for 12, 24, and 48 h in fresh serum-
free DMEM medium.

Methylation-specific polymerase chain reaction 
Genomic DNA was extracted from each sample using 
the TIANamp Genomic DNA Kit (Tiangen Biotech Bei-
jing Co. Ltd, Beijing, China), according to the manufac-
turer’s instructions. The extracted DNA was treated with 
sodium bisulfite using the EZ DNA Methylation-GoldTM 
Kit (Zymo Research, Los Angeles, CA, United States), 
according to the manufacturer’s instructions. After bisul-
fite treatment, DNA was purified using a Zymo-SpinTM 
IC Column (Zymo Research, Los Angeles, CA, United 
States) and resuspended in 10 µL of  dilution buffer (M-
Elution Buffer, Zymo Research, Los Angeles, CA, United 
States). DNA methylation of  the TGF-β1 promoter 
was analyzed by methylation-specific polymerase chain 
reaction (MSPCR), using Zymo TaqTM PreMix (Zymo 
Research), according to the manufacturer’s instructions. 
Briefly, the bisulfite-modified DNA (2 µL) was amplified 
using specific primers for methylated and unmethylated 
sequences of  TGF-β1. The primer sequences used in the 
study were are as follows. For methylated TGF-β1, for-
ward: TATATCGTTCGTAAAGTTATAGCGT, reverse: 
AACATAAAAAAACTAAACCACCGTC. For unmeth-
ylated TGF-β1, forward: ATTTATATTGTTTGTA-
AAGTTATAGTGT, and reverse: AACATAAAAAAAC-
TAAACCACCATC. PCR was performed in a 50-µL 
reaction system, which contains Zymo TaqTM PreMix (25 
µL), forward primer (10 µmol/L) 4 µL, reverse primer 
(10 µmol/L) 4 µL, DNA template (2 µL), and double 
distilled water (15 µL). The reactions were hot-started 
at 97 ℃ for 10 min, followed by 40 cycles of  reactions 
(15 s at 95 ℃, 35 s for annealing, and 30 s at 72 ℃) and 
a final 7-min extension in a Thermal Cycler (Veriti, ABI 
Co., Foster, CA, United States). For positive controls, we 
used CpGenome Universal Methylated DNA (Intergen, 
New York, NY, United States). Five microliters of  PCR 
products were separated by electrophoresis on 2% aga-
rose gel stained with ethidium bromide, and imaged using 
a VersaDoc Imaging System (Bio-Rad Laboratories Co., 
Ltd. Hercules, CA, United States). 

Densitometric analysis of TGF-β1 methylation Levels
Quantity One software v4.62 (Bio-Rad Laboratories Co., 
Ltd. Hercules, CA, United States) was used to perform 
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between two groups were examined by Student’s t test. A P 
value of  < 0.05 was considered statistically significant.

RESULTS
Methylation frequency and levels of TGF-β1 in GC and 
non-GC subjects
As shown in Table 1, 24/47 (51%) cases of  GC tissues 
showed TGF-β1 promoter methylation, 15/47 (31.9%) 
cases of  matched non-cancerous gastric mucosa tissues 
from the GC patients, and 11/39 (28%) cases of  the nor-
mal gastric mucosa tissues from non-GC subjects showed 
TGF-β1 promoter methylation (51% vs 28%, P = 0.032). 

To evaluate the levels of  TGF-β1 methylation, we 
analyzed quantitatively the MSPCR product bands by 
their fluorescence intensities. Typical MSPCR bands are 
shown in Figure 1A, and the quantitative data for the 
methylation levels of  TGF-β1 in gastric tissues are shown 
in Figure 1B. Significantly higher levels of  methylation 
of  TGF-β1 were found in the tumor tissues (0.24 ± 0.06) 
than in non-tumor tissues from GC patients (0.17 ± 0.04) 
(P = 0.001) and normal gastric tissues from non-GC sub-
jects (0.15 ± 0.03) (P = 0.001). 

Methylation frequency and levels of TGF-β1 in H. pylori-
positive and H. pylori-negative subjects 
To examine the impact of  H. pylori on the methylation 
of  TGF-β1, we compared the methylation frequency of  
TGF-β1 in H. pylori-positive and H. pylori-negative GC 
tissues and non-cancerous gastric tissues. As shown in 
Table 1 and best shown in Table 2, 21/38 (55.3%) cases 
of  H. pylori-positive GC tissues showed TGF-β1 meth-
ylation, whereas only 3/9 (33.3%) cases of H. pylori-neg-
ative GC tissues showed TGF-β1 methylation. In non-
cancerous gastric tissues obtained from GC patients, the 
frequency of  TGF-β1 methylation appeared to be similar 
between H. pylori-positive and H. pylori-negative gastric 
tissues (31.6% vs 33%, P = 0.919). In normal gastric 
mucosa from non-GC patients, H. pylori-positive tissues 
exhibited more frequent TGF-β1 methylation than the H. 
pylori-negative gastric tissues (36.4% vs 17.6%, P = 0.288). 
Overall, TGF-β1 methylation was found in 48.3% of  H. 
pylori-positive gastric mucosal tissues, whereas only 23.1% 
of  H. pylori-negative gastric mucosal tissues showed 
TGF-β1 methylation (48.3% vs 23.1%, P = 0.029). 

Further densitometric analysis showed that H. pylori-
positive GC tumor tissues exhibited much higher levels 
of  TGF-β1 methylation than H. pylori-negative GC tumor 
tissues (Figure 1A and C). Furthermore, higher levels of  
TGF-β1 methylation were also found in H. pylori posi-
tive non-GC mucosal tissues (Figure 1C). Overall, more 
TGF-β1 methylation was present in H. pylori positive gas-
tric mucosa than in H. pylori-negative gastric tissues (0.23 
± 0.06 vs 0.16 ± 0.03, P = 0.025) (Figure 1C).

Effect of IL-1β signaling on TGF-β1 promoter 
methylation 
To examine the mechanisms of  TGF-β1 methylation, 
GES-1 cells were incubated in the presence or absence 

densitometric analyses of  methylated and un-methylated 
bands of  TGF-β1, and the results were presented as the 
mean of  three independent experiments. The methyla-
tion levels were calculated as the ratio of  the value of  
methylated band to methylated plus unmethylated bands. 

Statistical analysis
The frequencies of  promoter methylation were compared 
between the two groups by two-sided Fisher’s exact test or 
Pearson χ 2 test. Differences in methylation levels of  TGF-β1 

Table 1  Methylation frequency for transforming growth 
facto-β1 in gastric tissues

Case 
ID

GC patients (n  = 47) Non-GC subjects 
(n  = 39)

H. pylori TGF-b1 methylation

Tumor Non-tumor H. pylori TGF-b1 methylation

1 + Methylated Methylated +
2 + + Methylated
3 + Methylated Methylated + Methylated
4 + Methylated +
5 + Methylated +
6 + +
7 + +
8 + +
9 + Methylated +
10 + Methylated Methylated +
11 + + Methylated
12 + +
13 + Methylated + Methylated
14 + +
15 + Methylated Methylated +
16 + + Methylated
17 + +
18 + Methylated + Methylated
19 + Methylated Methylated +
20 + + Methylated
21 + Methylated Methylated +
22 + + Methylated
23 + - Methylated
24 + -
25 + Methylated -
26 + Methylated Methylated -
27 + -
28 + -
29 + Methylated Methylated -
30 + Methylated Methylated - Methylated
31 + Methylated -
32 + -
33 + -
34 + Methylated Methylated - Methylated
35 + -
36 + Methylated -
37 + Methylated Methylated -
38 + Methylated -
39 - -
40 - Methylated Methylated
41 - Methylated Methylated
42 -
43 -
44 -
45 -
46 - Methylated Methylated
47 -

GC: Gastric cancer; TGF-β1: Transforming growth factor-β1; H. pylori: 
Helicobacter pylori. 
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of  different concentrations of  IL-1β (0.1, 0.25, 1.0 and 
2.5 ng/mL) for 12, 24 and 48 h, and TGF-β1 promoter 
methylation was then measured by MSPCR. As shown in 
Figure 2A, IL-1β appeared to induce a dose-dependent 
methylation of  TGF-β1, with the strongest methylation 
being observed in GES-1 cells treated with 2.5 ng/mL 
of  IL-1β for 48 h. Further studies showed that pre-
treatment of  GES-1 cells with 20 ng/mL of  IL-1RA for 
1 h could partially abolish the effect of  IL-1β on TGF-β1 
methylation (Figure 2B).

H. pylori alone dose not induce TGF-β1 methylation in 
vitro
Infection of  GES-1 cells by H. pylori did not induce sig-
nificant TGF-β1 promoter methylation (data not shown).

DISCUSSION
Promoter hypermethylation leading to epigenetic inacti-
vation of  tumor suppressor genes plays a pivotal role in 
tumorigenesis. Aging, chronic inflammation, and viral and 
bacterial infections promote methylation of  promoter 
CpG islands and may represent the “environmental” trig-
gers of  carcinogenesis. The stomach is one of  the organs 
that constantly undergoes DNA methylation of  CpG 
islands in its epithelial cells. The oncogenic role of  H. 
pylori for gastric malignancies, mainly gastric carcinoma 
and MALT lymphoma, has been well documented, and as 
such, H. pylori has been designated a Class I carcinogen. 
However, the mechanism by which H. pylori induces GC 
remained poorly defined.
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Figure 1  Detection of transforming growth factor-β1 promoter methylation by methylation-specific polymerase chain reaction. Genomic DNA was extracted 
from human gastric tissues. A: Representative methylation-specific polymerase chain reaction results from gastric cancer (GC) tissues with or without Helicobacter 
pylori (H. pylori) infection are shown; B: Levels of transforming growth factor-β1 (TGF-β1) promoter methylation in GC tissues, non-cancerous gastric mucosa from 
the GC patients (GC, non-tumor) and normal gastric mucosa from non-GC subjects (Non-GC tissues); C: Impact of H. pylori status on the levels of TGF-β1 promoter 
methylation in GC tissues (GC, tumor), non-cancerous gastric mucosa from the GC patients (GC, non-tumor) and combined samples (overall). HP+: H. pylori-positive; 
HP-: H. pylori-negative; U: Unmethylated; M: Methylated.
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Table 2  Impact of Helicobacter pylori  on the frequency of transforming growth factor-β1 methylation in gastric tissues

TGF-b1 methylation in GC patients TGF-b1 methylation in Non-GC patients Total1

Tumor Non-tumor Normal gastric mucosa

H. pylori (+) 21/38 (55.3%) 12/38 (31.6%) 8/22 (36.4%) 41/98 (41.8%)
H. pylori (-)  3/9 (33%)  3/9 (33%) 3/17 (17.6%)   9/35 (25.7%)

1Combined tumor and non-tumor tissue. GC: Gastric cancer; TGF-β1: Transforming growth factor-β1; H. pylori: Helicobacter pylori. 
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In the present study, we have revealed, for the first 
time, that significantly more frequent and higher levels 
of  TGF-β1 promoter methylation are present in GC pa-
tients than in non-cancerous controls. Although aging is 
a recognized risk factor for DNA methylation, from the 
current study, the impact of  age (and sex) on TGF-β1 
DNA methylation could be excluded, because our study 
populations in each group were well-balanced in their 
distribution of  age and sex.

TGF-β1 shows biphasic effects in tumorigenesis[26]. In 
the initial stage, it may function as a tumor suppressor by 
inhibiting cell growth. This was demonstrated in breast 
cancer in which constitutive activation of  the TGF-β1 
pathway prolonged the latency of  tumorigenesis or re-
sulted in smaller tumor formation in mice[27,28]. However, 
in the later stage of  tumorigenesis (i.e., when the tumors 
are well established), activation of  the TGF-β1 signaling 
can strongly promote tumor progression[29].

Chronic inflammation-induced methylation of  pro-
moter CGIs has been closely linked to the development 
of  human cancers[30,31]. In gastric cancer, whether the 
gene hypermethylation observed in H. pylori-infected 
individuals is caused directly by H. pylori, or the gene 
hypermethylation results from H. pylori-induced gastric 
inflammation remains a topic of  debate. In our study, we 
first examined if  H. pylori could directly cause methyla-
tion of  TGF-β1. We made use of  a gastric epithelial cell 
line GES-1, and co-cultured this cell line with H. pylori. 
Contrary to our initial hypothesis, H. pylori did not induce 
apparent promoter methylation of  TGF-β1. However, 
treatment of  GES-1 cells with IL-1β led to a marked 

methylation of  the TGF-β1 promoter, and this was par-
tially reversed by antagonizing IL-1β signaling using its 
receptor blocker IL-1RA. IL-1β is an important pro-
inflammatory cytokine that initiates and amplifies the 
inflammatory responses to H. pylori infection. IL-1β is 
closely linked to DNA methylation of  gastric epithelial 
cells, particularly in H. pylori infected individuals. We think 
that IL-1β may be an important mediator in H. pylori-
induced TGF-β1 methylation[32,33].

Our in vitro data did not correlate with the in vivo data, 
which showed that H. pylori infected individuals, particu-
larly H. pylori-positive GC tissues, showed more frequent 
and higher levels of  TGF-β1 methylation. This inconsis-
tency may be explained in several ways. Firstly, the acute 
infection of  GES-1 cells by H. pylori may not be a valid 
model for studying the impact of  H. pylori on gastric 
mucosa. It was reported that chronic, rather than acute, 
H. pylori infection was responsible for methylation induc-
tion. Secondly, H. pylori may not directly induce hyper-
methylation, but rather it induces inflammation and the 
production of  pro-inflammatory cytokines, such IL-1β, is 
likely a contributing factor for TGF-β1 methylation. Our 
data support this view. Lastly, inflammatory cytokines 
or molecules may also be involved in H. pylori-induced 
methylation. For example, nitric oxide may be involved in 
H. pylori infection-related DNA methylation[34].
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Background
Hypermethylation of promoter CpG islands (CGIs) leads to functional silenc-
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Figure 2  Induction of transforming growth factor-β1 methylation by interleukin-1β in GES-1 cells. A: Treatment of GES-1 cells by interleukin (IL)-1β led to a 
dose-dependent methylation of transforming growth factor (TGF)-β1; B: IL-1β-induced TGF-β1 methylation in GES-1cells was partially abolished by IL-1RA. U: Un-
methylated; M: Methylated; H. pylori: Helicobacter pylori. 
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ing of some tumor suppressor genes and is thus involved in carcinogenesis. 
Chronic inflammation is closely associated with cancer formation. Inflammation-
induced gene methylation is an important mechanism for inflammation-asso-
ciated cancers, of which gastric cancer is a classical example. During gastric 
cancer formation, frequent aberrant CGI methylation has been reported and the 
role of Helicobacter pylori (H. pylori) infection during this process is controver-
sial. Inactivation of transforming growth factor-β1 (TGF-β1) by promoter meth-
ylation has been implicated as an important mechanism for the development 
of several malignancies, such lung and prostate cancers; however, the role of 
TGF-β1 methylation in gastric cancer remains unknown.
Research frontiers
Multiple epigenetic and genetic alterations have been identified in gastric can-
cer (GC) patients. High level of aberrant CpG island methylation in the gastric 
mucosae is correlated with increased GC risk, and as such, they are increas-
ingly recognized as candidate markers for GC. Clinical and epidemiological 
studies have demonstrated that H. pylori infection is strongly correlated with ab-
errant methylation in GC. However, the precise molecular mechanism by which 
H. pylori might induce aberrant CpG island methylation remain elusive. GC 
is a typical inflammation-related malignancy, being closely linked to H. pylori 
induced chronic inflammation in the gastric mucosa. Whether H. pylori itself or 
the chronic inflammation caused by H. pylori infection can induce methylation in 
CGIs remains controversial.
Innovations and breakthroughs
TGF-β1 is an anti-inflammatory cytokine with multiple effects in many tissues. 
Many studies have shown that TGF-β1 is overexpressed in epithelial cancers 
and exerts its transforming potential through several mechanisms, such as 
stimulating the progression of stromal cells, promoting angiogenesis and sup-
pressing immune surveillance. In the present study, the authors have revealed, 
for the first time, that significantly more frequent and higher levels of TGF-β1 
promoter methylation is present in GC patients with H. pylori infection than in 
non-cancerous controls. In vitro studies showed that normal gastric epithelial 
cell line GES-1 cells exposed to H. pylori did not show significant TGF-β1 
methylation. However, treatment of the GES-1 cells with IL-1β led to a dose-
dependent methylation of TGF-β1. The data show that H. pylori may not directly 
induce hypermethylation, but rather this bacteria induced inflammation and the 
production of pro-inflammatory cytokines, such IL-1β, is likely a contributing 
factor for TGF-β1 methylation.
Applications
High levels of TGF-β1 methylation in the gastric cancer tissue suggest that 
TGF-β1 functions as a tumor suppressor in H. pylori related gastric cancer.
Terminology
CpG island: CpG islands are DNA segments, at least 0.5 kb in size, that are 
rich in G:C and CpG content, and are often located in the promoter or 50-exon 
sequences of genes. Promoter CpG islands have traditionally been thought 
to be unmethylated in normal cells, with the exception of those on the inactive 
X chromosome and those associated with imprinted genes. DNA methylation: 
DNA methylation is the major epigenetic phenomenon of eukaryotic genomes, 
and involves the addition of a methyl group to the carbon 5 position of the cyto-
sine ring within the CpG dinucleotide. DNA methylation is required for the nor-
mal development of cells, whereas aberrant methylation of CpG islands confers 
a selective growth advantage that results in cancerous grow.
Peer review
The manuscript by Wang et al demonstrates that high levels of TGF-β1 pro-
moter methylation in H. pylori positive patients was the result of H. pylori-
induced inflammation rather than by H. pylori itself, and that IL-1β may be an 
important mediator for H. pylori-induced gene methylation during gastric cancer 
development. The overall goal of the paper is relevant. The data presented are 
solid and credible. The results are interesting, clinically important and worthy of 
publication in World  Journal of Gastroenterology.
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